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(54) A filnn tornning apparatus having cleaning tunction 



(57) A thin-film forming apparatus includes: (a) a re- 
action chamber (2) for forming a thin film on a workpiece 
(9) placed on a susceptor (3) provided in the reaction 
chamber; and (b) a cleaning device (30) for cleaning un- 
wanted deposits adhering to the Inside of the reaction 
chamber at predetermined Intervals. The cleaning de- 
vice includes: (i) a cleaning gas controller (1 5,21 ) for in- 
troducing a cleaning gas into the reaction chamber and 



evacuating the reaction chamber after the cleaning 
treatment; (ii) a cleaning gas activator (1 6) for activating 
the cleaning gas in radical fomn; and (iil) a temperature 
and timing controller programmed to reduce the temper- 
ature of Ihe susceptor at a predetermined rate for clean- 
ing after completion of film formation and then to actuate 
the cleaning gas controller and the cleaning gas activa- 
tor. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The invention relates to a thin-film fornning ap- 
paratus that is used in a process for semiconductor de- 
vice circuit manufacturing, and particularly to a thin-film 
forming apparatus having an automatic cleaning func- 
tion, and an automatic cleaning method of a thin-film 
forming apparatus. 

Description of the Related Art 

[0002] In the process of forming a film on a semicon- 
ductor substrate, the semiconductor substrate, i.e., 
workpiece is placed on a resistance type of heater that 
functions as a susceptor provided in an evacuated re- 
action chamber. After a showerhfead having holes for ex- 
pelling reaction gas Is opposed to the heater, radiofre- 
quency energy at 13.56 MHz is applied to the shower- 
head, by which a plasma discharge region is formed be- 
tween the heater supporting the semiconductor sub- 
strate and the showerhead. Reaction gas supplied by 
the showerhead is excited and activated in the plasma 
discharge region, and a film is formed, depending on the 
kinds of reaction gas, on the semiconductor substrate. 
At this time, films and reaction by-products adhere to 
the inside surface of the reaction chamber in addition to 
the semiconductor substrate. 

[0003] With repeated film formation processes, un- 
wanted deposits adhering to portions other than the 
semiconductor substrate accumulate. After separating 
from the attached surface the unwanted deposits be- 
come particles and stick to the surface of the semicon- 
ductor substrate, causing impurity contamination, stop- 
ping functions of semiconductor devices. To eliminate 
unwanted deposits from the reaction chamber, many 
thin film-fomning apparatuses may have an automatic 
cleaning function. 

[0004] The automatic cleaning function cleans the re- 
action chamber using a fluorine-containing active spe- 
cies, after detaching the semiconductor substrate on 
which film fomnation is complete, from the heater and 
conveying it outside of the reaction chamber. Specifical- 
ly, when forming a silicon nitride film on the semicon- 
ductor substrate, a mixture gas of SiH^, NH3 and N2 is 
furnished to the reaction chamber as a reaction gas to 
produce a plasma discharge region in the reaction 
chamber using radiofrequency energy. 
[0005] The unwanted deposits, which mainly com- 
prises the same material as the film deposited on a sem- 
iconductor substrate, also adhere to the inner surface 
of the reaction chamber. After the finished semiconduc- 
tor substrate is conveyed outside of the reaction cham- 
ber, C2F6 and oxygen or a mixture gas of C3F9 and ox- 
ygen are supplied to the reaction chamber from the 



showerhead. Then fluorine active species |s generated 
in the jeaction chamber by applying radiofrequency en- 
ergy of 1 3.56 MHz. The unwanted deposits inside of the 
reaction chamber are gasified by thefluorine active spe- 

5 cies and exhausted from the reaistion chamber: Autp- 
maliccleaning sequence after performing film formation 
once or more than once on the semiconductor substrate 
always keeps clean the inside of the reaction chamber. 
[0006] Film-fomning requirements of a silicon nitride 

10 film and an silicon oxinitride film (silicon nitride type of 
film) by a capacitance coupling plasma CVD method are 
conventionally that a gas flow ratio of a S(H4: Ng: f^Hg 
system is approximately SiH4: N2: NH3= 1: 1-50: 1-10, 
and that the temperature for a. workpiece is approxi- 

15 mately below 400**C. Both requirements are used indus- 
trially for insulating films of a semiconductor device.. 
Some examples of the film-forming requirements are 
disclosed in U.S. Patent No. 5,336,640. Since the films 
incorporate hydrogen, when a step having a higher tem- 

20 perature than the film-forming temperature follows, the 
hydrogen incorporated in the films is released, vyhich re-, 
markably worsens electrical characteristics of the sem- 
iconductor device. Therefore, a main application is a fi- 
nal passivation film for the semiconductor device which 

25 does not have the step of higher temperature process- 
ing (the example disclosed in U.S. Patent 5,336,640 is 
the one used as a final protection film). 
[0007] To solve a problem of an increase in RC delay 
(which is proportional to the product of metal line resist- 

30 ance and capacitance between lines) in the wiring ac- 
companied by increased density of semiconductor de- 
vices, there are proposals that resistance should be low- 
ered by the introduction of Cu wiring, and that distribu- 
tion line capacitance should be reduced. In the semi- 

35 conductor device having Cu wiring, because the Cu wir- 
ing is high in heat resistance, a SiOFfilm formed by rel- 
atively high temperature plasma CVD can be used as 
an insulating film disposed between the metal lines. 
[0008] When applying Cu wiring, a damascene step 

40 is generally conducted in which ditch patterns of metal 
lines in an insulating film betvveen layers are formed and 
Cu wiring is embedded in the ditches. To form the ditch- 
es in an insulating film between layers, hetero-etching 
by reactive ion etching (RIE) can be used. A silicon ni- 

45 tride type of film formed by plasma CVD may be used 
as a RIE etching-stopping layer. A silicon nitride type of 
film fonned by plasma CVD may be used as an antire- 
flective film to prevent the reflection of exposed light in 
the lower part of a resist at a lithography step so as to 

50 accurately perform a fine-structure processing. 

[0009] In the above situations, a processing temper- 
ature of approximately 400*'C has increased to exceed 
SOO^'C. When the substrate is heated to over 500**C and 
film-forming on the semiconductor substrate is execut- 

55 ed, unwanted deposits adhere to the inside of the reac- 
tion chamber. Since the attached unwanted deposits are 
a source of particles and contamination, they are re- 
moved by executing the automatic cleaning sequence 
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as previously mentioned, in the process of forming a sil- 
icon nitride fiim, gas including fluorine is used for auto- 
matic cleaning. At the plasma discharge region in the 
reaction chamber or at the excitation channber isolated 
from the reaction chamber, a fluorine active species is 
generated which is used to remove the unwanted de- 
posits in the reaction chamber. In order to form a film on 
the semiconductor substrate, the surface of the ceramic 
heater supporting the substrate is set at a predeter- 
mined temperature range for filnn formation. When the 
semiconductor substrate on which film formation is com- 
plete is conveyed out of the reaction chamber the au- 
tomatic cleaning sequence follows immediately. That is, 
parts in the reaction chamber, especially a ceramic heat- 
er which holds directly and heats a semiconductor sub- 
strate, is In a state so-called "film-forming temperature" 
at which high temperature it is exposed to the environ- 
ment of automatic cleaning. However, the above con- 
ventional cleaning treatment causes problems as de- 
scribed below. 

Summary of the Invention 

[0010] In order to fonm a film on the semiconductor 
substrate, the surface of the ceramic heater supporting 
the substrate is set at a predetermined temperature 
range of 470-600*'C. In the temperature environment in 
excess of 470**C, even aluminum nitride reacts with the 
fluorine active species to generate aluminum fluoride, 
which in turn emits the aluminum fluoride generated to 
the reaction chamber. When the surface temperature of 
the heater exceeds 500**C, generation and emission of 
aluminum fluoride causes extensive damage to the re- 
action chamber. The temperature of the surface of a 
showerhead opposed to the ceramic heater supporting 
the semiconductor substrate is 1 00-250'*C which is low- 
er than that of the ceramic heater. Aluminum fluoride 
emitted from the ceramic heater adheres to the show- 
erhead of relatively lower temperature, and accumu- 
lates due to the reaction with fluorine active species dur- 
ing the automatic cleaning sequence. The aluminum flu- 
oride once stuck to the showerhead cannot be removed 
except for wiping off with the reaction chamber open. 
[001 1] An objective of the present invention is to pro- 
vide an automatic cleaning method which does not pro- 
duce aluminum fluoride on a showerhead. 
[001 2] Another objective of the present invention is to 
realize forming a film with good reproducibility and with- 
out foreign contamination (particles) by an automatic 
cleaning sequence. 

[0013] Yet another objective of the present invention 
is to provide a thin-film fomning apparatus which reduces 
non-working hours for cleaning and enhances produc- 
tivity by use of an automatic cleaning sequence. 
[0014] Namely, an embodiment of the present inven- 
tion A thin-film fonning apparatus comprising: (a) a re- 
action chamber for forming a thin film on a workpiece 
placed on a susceptor provided in the reaction chamber, 



which susceptor is provided with a heater for heating the 
workpiece, which reaction chamber is provided with a 
conveyer for loading and unloading the workpiece into 
and from the reaction chamber; and (b) a cleaning de- 

5 vice for cleaning unwanted deposits adhering to the in- 
side of Ihe reaclion chamber al predetermined inlervals, 
which cleaning device comprises: (i) a cleaning gas con- 
troller for introducing a cleaning gas into the reaction 
chamber and evacuating the reaction chamber after the 

10 cleaning treatment; (ii) a cleaning gas activator for acti- 
vating the cleaning gas in radical form; and (iii) a tem- 
perature and timing controller programmed to reduce 
the temperature of the susceptor at a predetermined 
rate for cleaning after completion of film formation and 

15 then to actuate the cleaning gas controller and the 
cleaning gas activator. 

[001 5] In the above, the temperature of the susceptor 
for cleaning is preferably 500**C or less, more preferably 
470**C or less, while the temperature of the susceptor 
20 for film fomnation may be higher than 500**C. In an em- 
bodiment, the cleaning gas includes fluorine, and the ac- 
tivated cleaning gas includes fluorine radicals. Among 
others, the cleaning gas can be activated using a plas- 
ma discharge region generated in the reaction chamber 
25 or using a remote plasma discharge chamber prior to 
introduction of the cleaning gas into the reaction cham- 
ber. Further, the cleaning gas controller can introduce 
the cleaning gas through a showerhead disposed above 
the susceptor in the reaction chamber. 
30 [0016] In an embodiment, the unwanted deposits in- 
clude silicon nitride, SIO, SiON, SiOF, SIC, and hydro- 
carbon. The apparatus includes a plasma CVD appara- 
tus and a thenrial CVD apparatus. 
[0017] The present invention can also apply to a 
35 method for cleaning unwanted deposits adhering to the 
inside of a reaction chamber for fonning a thin film on a 
workpiece placed on a susceptor provided in the reac- 
tion chamber, said susceptor being provided with a heat- 
er for heating the workpiece. said reaction chamber be- 
40 ing provided with a conveyer for loading and unloading 
the workpiece into and from the reaction chamber, said 
method comprising: (a) reducing the temperature of the 
susceptor at a predetermined rate for cleaning after 
completion of film fonnation; (b) contacting the inside of 
45 the reaction chamber with an activated cleaning gas; 
and (c) cleaning the unwanted deposits by the activated 
cleaning gas.^ 



Brief Description of the Drawings 



50 



[0018] FIG. 1 shows one example of a thin film-form- 
ing and processing apparatus according to the present 
invention. 

[0019] FIG. 2 illustrates a thin film-forming and 
55 processing apparatus having a remote plasma dis- 
charge chamber. 

[0020] FIG. 3 illustrates the measurement results of 
the thickness of formed silicon nitride films. 
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[0021] FIG: 4 illustrates the. distribution lines of the 
thickness of forrned silicon nitrjde films on one semicon- 
ductor substrate 9. ' 
[0022] FIG. 5 illustrates the measurement. results of 
particles on the surface of semjcohductor substrates af- 5 
ler the formation of silicon nitride filhns. 

Detailed Description of the Preferred Embodiment = 

Applicable Thin-Film Forming Apparatus io 

[0023] When a conventional silicon nitride film forrned 
by plasriia CVD in the semiconductor device is used, ia 
problem arises. That is, after forming a silicon nitride 
type of film having a tiigh hydrogen concentration which ^5 
has been uised as a final protebtiori filrh In the past/ when 
forming a SiOF filni fonned by relatively high tempera- 
ture plasma CVD on the silicon nitride type of film, hy- 
drogen in the SiOF film is dissociated during formation 
and coherence of the film is reduced, causing separa- 20 
ticin of the. film. The reason is that thefilm-forming tem- 
perature is 470° C, which is relatively high. When sepa- 
ration of the fjim has occurred, yield of the workpiece 
wiii, as a whole, drop because a semiconductor device 
including separated portions causes short circuits in dis- 
tribution lines and poor conduction. 
[0024] A silicon nitride type of film formed by thermal 
CVD over 700°C without plasma may not be used as an 
inter-layers insulating film, because the film-forming 
temperature is too high after formation of Al orCu. Since 30 
almost no hydrogen is included in the film, the silicon 
nitride type of film has been used as an etching stopping 
layer for a first between-layers insulating film on the 
serniconductor device to which a thermal step is applied 
later. 35 
[0025] However, because semiconductor devices 
have become highly minute in recent years, accordingly, 
gate length has become smaller and it is now below 0.18 
Iim, Therefore it is difficult to prevent formation and dif- 
fusion of impurity layers due to the thermal load when 40 
in high temperature thermal steps of over 700**C. in the 
case of insufficient control of diffused layers, reliance on 
isemiconductor devices wjll be reduced since there is 
produced dispersion in operating voltage. Thus, desired 
is a film-forming method requiring a low thermal load for 
semiconductor devices which enables film-forming at a 
lower temperature than that of high temperature thermal 
CVD, the film being a silicon nitride type of film having 
a low density of hydrogen. 

[0026] To this end, the inventors have invented a 50 
method of forming a silicon nitride film usiing plashna 
CVD at a relatively higher temperature which is de- 
scribed in Japanese Patent Application No. 11-243914. 
By raising a semiconductor substrate temperature of ap- 
proximately 400°C in the past to a range of 430-600'*C, 55 
a silicon nitride film having a low density of hydrogen 
can be fonned! The semiconductor substrate tempera- 
ture is preferably over 470''C and more preferably over 



550-600**C. . V ■ > • - 

[0 027] To set a se rh Ico n d u cto r su bstrate terhp erat u re 
at 470-600°C, the surface'of a heater {which supports 
the semiconductor substrate) for heatlrig the substrate 
requires raising the-temperature' to 5o6-650'^Ci Which Is 
beyond the heat resistance of a metallic' heater Where 
a sheath healer Is buried in co riven I ion al a! urn in unri al- 
loy Accordingly; a ceramic heater is'used so . that high' 
fem p e'ratu res ca h be att'a i n ed . As a cerarfi ic hi ate rial ,^ 
aluminum nitride with high heat conductivity rfiay geri-' 
ie rally be used. A ceraniic heater comprisinig'a alurhinum 
nitride disk or plate has a resistance heater and a metat 
for a plasma-discharge ground etectrode embedded, by 
integral sintering, which allows the semiconductor sub- 
strate to be heated to approximately 650**C. . 

Analysis of Conventional Cleaning System 

[0028] When the substrate is heated to over 470*C' 
using the cerarnic heater and film-fomiing on the senrii- 
conductpr substrate is executed; Unwanted deposits ad- 
here to the inside of the reaction chamber; Since the at- 
tached unwanted deposits are a source of particles and 
contamination -they are removed lay executing the au- 
tomatic cleaning sequence as previously mentioned. In 
the process of forming a silicon nitride film, gas including 
fluorine is used for automatic cleaning. At the plasrna 
discharge region in the reaction chamber or at the exci- 
tation chamber remote from the reaction chamber, a flu- 
orine active species is generated which is used to re- 
mqye the unwanted deposits in the reaction chamber 
[0029] In order to form a film on the senriiconductor 
substrate, the surface of the cerarnic heater supporting 
the substrate is set at a predetermined lemperaturei 
range of 470-600'*C. When the semiconductor substrate 
on which film formation is complete is conveyed out of 
the reaction chamber, the automatic cleaning sequence 
foljows immediately That is, one of the parts in the re- 
action chamber, especially a ceriamic heater which 
holds directly and heats a semiconductor substrate, is 
in a state so-called "film-forming temperature" at which 
high temperature it is exposed to the environment of au- 
tomatic cleaning. In the temperiature environnrient in ex- 
cess of 470°C, even aluminum nitride reacts with the 
fluorine active species to generate aluminunri fluoride, 
which in turn emits the aluminum fluoride generated to 
the reaction chamber. 

[0030] When the surface temperature of the heater 
exceeds 500"C,, generation and emission of alunrjinum 
fluoride causes extensive damage to the reaction cham- 
ber. The temperature of the surface of a showerhead 
opposed to the ceramic heater supporting the semicon- 
ductor substrate is 100-250**C which is lower than that 
of the ceramic heater. Aluminum fluoride enriitted from 
the ceramic heater adheres to the showerhead of rela- 
tively lower tenniperature, and accumulates due to the 
reaction with fluorine active species during the automat- 
ic cleaning sequence. The aluminum fluoride once stuck 
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to the showerhead cannot be removed except for wiping 
off with the reaction chamber open. 
[0031] The accretion of aluminum fluoride to the sur- 
face of the showerhead causes two substantial prob- 
lems. One problem is that growth speed of a film to be 
formed on the semiconductor substrate varies. When 
non-conductive aluminum fluoride adheres to the sur- 
face of the showerhead, the non-conductive aluminum 
fluoride functions as a newly formed electric insulator 
formed on the surface of the showerhead, thereby re- 
ducing a film-fonning speed. The difference in accretion 
of aluminum fluoride (thickness) at the surface of the sin- 
gle showerhead produces abnormal distribution lines in 
formed film thic}<ness on the surface of a semiconductor 
substrate. The degree of variability of no more than ±3 
% is required regarding film thickness (value defined by 
subtracting the minimum thickness from the maximum 
thickness and dividing it by 2 times the average). 
[0032] Differences in film thickness formed on the 
semiconductor substrate leads to non-uniformity of 
semiconductor device functions of the semiconductor 
substrate. In the case where film thickness cannot be 
attained as designed, the semiconductor devices do not 
function properly and are judged to be inferior. Attach- 
ment of aluminum fluoride to the entire surface of the 
showerhead gives rise to insufficient thickness of the en- 
tire film on the semiconductor substrate. Repeated film 
formation on the semiconductor substrate gradually re- 
duces film thickness which should otherwise increase. 
According to present technological standards, repro- 
ducibility of film thickness on the semiconductor sub- 
strate should be less than approximately ±3 %. When 
film thickness grown on the semiconductor substrate 
varies beyond this value, all the semiconductor devices 
on the semiconductor substrate are inferior. 
[0033] The second problem is contamination of the 
semiconductor substrate by particles. If aluminum fluo- 
ride accretes to and accumulates on the surface of the 
showerhead, particles of the aluminum fluoride will 
slough off the surface and adhere to the surface of the 
semiconductorsubstrate.The aluminum fluoride depos- 
ited on the semiconductor substrate cause contamina- 
tion or defect at the bottom, middle or surface of a film 
to be formed on the semiconductor substrate, which 
causes malfunctions of the semiconductor device. Gen- 
erally speaking, the number of particles attached on the 
semiconductor substrate should not exceed 20 with a 
diameter of over 0.2 |x m. 

[0034] In addition, in order to eliminate problems 
caused by aluminum fluoride, as mentioned before, 
there is no other way than to physically remove alumi- 
num fluoride accreted to the surface of the showerhead; 
film-forming and processing is interrupted, the reaction 
chamber is opened, and wipe-off cleaning must be done 
manually. Because the wipe-off cleaning is perfomned 
while film-forming and processing by a thin-film forming 
apparatus are stopped, operating efficiency and produc- 
tivity of the apparatus are remarkably decreased. 



8 

Fiim-Formation and Processing Prior to Cleaning 

[0035] In an embodiment, there is provided a first 
semiconductor substrate as a workpiece for film-forming 
5 and processing, on a heater with a surface temperature 
of over 500'C placed in a reacUon chamber of a Ihin; 
film forming apparatus. Reaction gas is furnished from 
a showerhead to which is applied radiofrequency ener- 
gy of 13.56 tVIHz. At a plasma discharge region gener- 
ic ated between the showerhead and the heater support- 
ing the semiconductor substrate, the reaction gas is dis- 
solved and a thin film is fomned on the semiconductor 
substrate. The first semiconductor substrate, on which 
film formation is complete, is removed from the heater 
15 and conveyed out of the reaction chamber. A second 
semiconductor substrate for film-forming and process- 
ing is carried into the reaction chamber and is placed on 
the heater. The same film-forming and processing steps 
are conducted as with the first semiconductor substrate, 
20 The second semiconductor substrate is removed from 
the reaction chamber after film-forming and processing 
is complete. 

[0036] When conducting a series of film-forming and 
processing processes (film sequence) of #1 to #n sem- 
25 iconductor substrates, after removing the #n semicon- 
ductor substrate from the reaction chamber, a cleaning 
sequence follows which cleans unwanted deposits ad- 
hering to the inside of the reaction chamber. 

30 Subsequent Cleaning Sequence 

[0037] The cleaning sequence includes a cooling step 
which lowers the temperature of the heater supporting 
and heating the semiconductor substrate. When the #n 

35 semiconductor substrate is removed from the reaction 
chamber and automatic cleaning for the reaction cham- 
ber gets ready to operate, nitrogen gas is introduced into 
the reaction chamber to obtain an arbitrary pressure and 
the temperature of the ceramic heater is lowered at a 

40 rate not exceeding 20*C per minute. 

[0038] When the surface temperature of the ceramic 
heater is below 500°C, cleaning gas is injected into the 
reaction chamber to conduct automatic cleaning in the 
reaction chamber and unwanted deposits adhering to 

45 the inside of the reaction chamber will be gasified and 
exhausted. The cleaning step which removes the prod- 
ucts from the reaction chamber can be perfonned sub- 
stantially in the following way, although the step should 
not be limited thereto; 

50 ' 

In-Situ Plasma Cleaning 

[0039] In an embodiment, a mixture gas of G3F8 gas 
and oxygen gas controlled at a predetermined flow is 
55 introduced, as a cleaning gas, into the reaction chamber 
from the shower head. Maintaining the inside of the re- 
action chamber at a predetemnined pressure, radiofre- 
quency energy of 13.56 MHz, for exannple, is applied to 
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the showerheadjb form a , plasm a disc be- 
;tyyeen ;the shqw^ and. the heater The , , 

cleaning gas iritrpd^^ from the' showerh^^^ is aqtiyat- 
[ ed by^ tlie pj asnia " di so Karg e' to' b ecorn e a f I u o ri n e-co n - 
,tairitng" active species which, reacts with ihe unvyanted 5 
depbsiis aciheringio the insid^^^ regclion chamber 
and transforming into ga^ to be evacuated f rom ^ . 

the .reaction chamber by 'ap eyacuation , purnp.. Du ring 
the cleaning step, the surface temjaerature.of the qeram- 
ic heater is kept at belpw *. ; ^ 10 

[0040] The cjeaning step is terrriin^ted when radi of re- 
el u en cy energy ,app) ied to . the, s.howerh ead ja nd.' C3 F8 
gas is te rm i n ated . Th e. pxy g,e n 9 as ;s upp I iec^ to the. r.eac- 
tion chamber as'part of the vCleaping gas is Injectad, intp 
the reaction charriber after the corppietion of the clean- 15 
ing step. The fluoride active sppcies 'prpduced during 
the 'clean ing step. ahd th ^ reaction products produced 
by the reaction between t^^^ actiVe. species and 

the unwanted deppslts In .the reaction .channber are 
pu fg ed f rpm th e. reactio h ch arn'be r,' fidXer e vacu ati ng the 20 
reactibh ch amber; a heating step follows that raises the 
ternperature of the ceramic, heater to the temperature 
for film-forming and processing of the semiconductor 
substrate. When the ceramic heater temperature reach- 
es a predetermined temperature, the automatic clean- 25 
Ing sequence is complete. When the automatic cleaning 
sequence is finished, the #(n+1) semiconductor sub- 
strate is brought in the reaction chamber to be placed 
on the ceramic heater. Then the aforementioned thin 
filnn-fprming and processing of the semiconductor sub- 30 
strate {film-forming sequence) is. conducted. 

Remote Plasma Cleaning 

[0041] . The aforementioned cleaning step can be 35 
done in another way including the following : The clean- 
ing gas is activated in a remote plasma discharge cham- 
ber remote frpm the reaction: chamber where thin film 
formation on the semiconductor substrate. is performed. 
The activated cleaning gas is introduced via a duct into 
the reaction chanritper /where thin -film forming and 
processing to -the semiconductor substrate is executed. 
The activated clean ing gas , ihtrod uced into the; reacti Pn 
chamber, transfprms the unwanted deposits adhering to 
the inside of the reaction charinber IhtO'gasebus rniaterial 45 
which is expelled from the reaction chamber. . 
[0042] . When thin fiim-forrhirig arid processing^ of a 
predetermined, number of semtGbnductor substrates is 
complete and When the autbmatib cleaning sequence in 
the reaction chamber is co^rripiete,.the;cooling step is so 
CO n d ij cted' wh ich red ucfes th e tehnperatU re of the hieate r 
suppdrtih^ ' thiB''^ substrate - to" belbw 

500**C: When the cooling stejb' is complete, argdn gas; 
controlled at a predetermined flow rate is furnished in 
the remote plasnnia discharge, chamber. After- radiofre- 55 
quency discharge of 400 kHz is generated ih the remote 
plasma discharge chamber, a cleaning gas including flu- 
oHne such as NF3 controlled af a predetermined flow 



/ate is introduced. tq, geqeR^te.a .f i.uo'rinejacU -speciesj 
the fluorine active $pecies;isJntroduced;iip^^ 
tlon chamberviathe remote, plasm a discharge.^ 
and the,duct which.connepts. the reactipniicharpb^^^ 
film fomnatlon, .The . (nside, of the reactiqa chamb^^^ 
plparied by4he^ fJuorine. active sp.ecies/,the .hea 
is p erf o rm e d as" p r,ev i p u sly; desc ribe d ..wh e reiri; the, h eate r 
temperature in the reactiqn chaniber isx^ised to .the thihi 
fijm.fornnatiop.tenipi^mtMre^-y- V 

[0043] . The -first auto m^tip cleaning sequence , mqn- 
ti o n ed is pa I ted ; i n -s it u ^ p las riia ol ea n i n g j in' :Wh ich to ae^. 
tiy ate cl ea n ih g gas , a djsph a.rge..e 1 ectrode ) n ,th e reaqtipn , 
phanriber used at.thf^^timejo^^ ir^di,^. 
of req u e ncy e n.e rgy. , s u pp ly are^.e.rnp I Py ecj . . Tti.e .:s ecq nd 
automatic .cleaning se.que.nce mentioned, is, called /e^ 
mote plasma cleaning,, ip. wh ich,;. to , activate cleaning 
gas, the remote plasma, discharge ,,ch^^ 
away; from the ..reacti on chanriber is. used,; but not th exar 
d ipf req u ency . e n e rgy ; s u pp ly f p r f i Irn ^ form at ip ri . 

EXAMPLE 1 -'"'V ■ 7- ■'V'-^-: 

Structures of Apparatus (InrSitu Plasma Cleaning) 

[0044] FIG. 1 shows one example of a thin film-form- 
ing and processing apparatus 1 according to the present 
Invention, in which a parallel plate plasma CVD appara- 
tus and an in-situ plasma cleaning apparatus fqr auto- 
maticcleaning are used. 

[0045] A workpiece 9 to be processed such as a sem- 
iconductor substrate is placed on a ceramic heater 3 to 
hold the.workplece in a reaction channber 2 ^'Opposed 
to the heaters is placed a showerhead 4 which provided 
uniform reaction gas bh thie workpiece 9: i=leaclion gas 
for fomning a fjlrp on the surface of the workpiece '9 rs 
controlled at a predetermined flow fey a mass- fio^^^ 
troiler (not .shown), and enters a^ 'duci 5- to -M- dWct '1 1 
th ro u gh a valve 6 : Afte r pass i n g th rbiig h ah ape it u re 7 
of the reaction ch^mbi3r;2, the gas is provided withih the 
reaction charnber*' 2, through thousands^ of tiny holes, 
with a diameter of less than 1 rrim, of the'sh6Werheacf4. 
[0046] To evacuate' theTeaction chanr1bbr2- ah "evac^ 
uatioh pump (not shown) is. connected to ah aperture' 20 
of the reaction chamber 2 via a duct'17 and a conducts 
ance controlling valve 21 i^The heater S for hbldihg the: 
workpiece 9 includes an aluminunri nitride plate 13 with 
a resistance heating elertient 26 embedded, an d is eoh- 
h acted to the reactio h ^ ch amber 2 by a sti aft 29 . ' ^ • ■ 

FUin- Formation Process ; v ^ ; . 

[0047] ' A method of forming a film on the workpiece 9 
will be explained below. When a silicon nitride film is 
formed on the workpiece 9, gases bf SiH4; NH3 and N2. 
or SiH4 and NH3, or SiH4 and N2 are used as a reaction 
gas, and radiofrequency energy of 13.56 IVlHzi'or power 
of a mixture of 1 3.56 MHz and=430 kHz is applied to the 
showerhead 4. The workpiecb 9 rebeives heat frohn the 
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heater with 600'*C to have a temperature in the range 
of approximately 530*'C-550**C. Reaction gases such as 
SiH4 and N2. etc. are introduced into the duct 1 1 through 
the valve 6 from the duct 5. and are uniformly supplied 
to the inside of the reaction chamber 2 through the 
shower head 4 from the aperture 7 of the duel 1 1 . While 
introducing the reaction gases into the reaction chamber 
2 at a predetemiined flow rate, the pressure of the re- 
action chamber 2 is adjusted in a range of 1 Torr to 8 
Torr in response to a signal at a pressure meter 28a via 
the opening of a conductance controlling valve 21 con- 
trolled by a pressure controller 28. 
[0048] As mentioned above, while maintaining the 
temperature, gas flow and pressure controlled at prede- 
termined values, a predetemnined radiofrequency ener- 
gy is applied between the electrodes to generate plas- 
ma, which in turn forms a silicon nitride film on the work^ 
piece 9. By controlling the duration of time that the ra- 
diofrequency energy is applied, a silicon nitride film with 
a necessary thickness may be obtained. After complet- 
ing formation of the film on the workpiece 9, the work- 
piece 9 Is conveyed outside of the reaction chamber 2 
by an automatic conveyer (not shown) when a gate 
valve 18 of a reaction chamber opening 19 is opened. 

In-Situ Plasma Cleaning Sequence 

[0049] The unwanted deposits adhering to the inside 
of the reaction chamber 2 in f omriing the film on the work- 
piece are removed in an automatic cleaning sequence. 
The automatic cleaning sequence comprises the steps 
of: cooling, which cools the temperature of the heater 3 
supporting the workpiece 9 to below 500*C; cleaning, 
which cleans' the inside of the reaction chamber 2; and 
heating, which raises the temperature of the heater 3 to 
600°C for film formation. 

[0050] In the cooling step, introducing nitrogen gas at 
2 liters per minute (2slm) In the reaction chamber 2, the 
pressure can be within a range of .0.5-9 Torr, and the 
temperature of the heater 3 can be lowered at a rate of 
not over 20^C per minute. The flow of nitrogen gas is 
not lirhited to 2 liters per minute. The gas to be intro- 
duced is not limitedto nitrogen; instead, inert gas, such 
as helium, argon, etc. which do not damage the ceramic 
heaters, the reaction chamber 2, and the articleis inside, 
may be used. The temperature lowering rate of the heat- 
er 3 is not limited to under 20*'C per minute; any rate 
which does not causie damage to the heater 3 may be 
used. When the temperature of the heater 3 is below 
500**C, the cooling step is complete. Preferably, it 
should be below 450**C. The temperature of the heater 
■ 3 is defined by that on the surface of the cerarriic heater 
which touches the back side of the semiconductor sub- 
strate 9. 

[0051] The bleaning step is conducted in the following 
way. A mixture of C3F8 with 300 seem and oxygen with 
700 seem is introduced as a cleaning gas to the inside 
of the reaction chamber 2 from the showerhead 4. With 
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the pressure in the reaction chamber 2 within a range 
of 2-5 Torr, 13.56 MHz of radiofrequency energy of 500 
w-2,000 w is applied to the showerhead 4 to cause a 
plasma discharge region between the showerhead 4 

5 and the ceramic heater 3. The cleaning gas is activated 
by the plasma, which generates a fluorine-containing 
active species. The fluorine active species reacts with 
the unwanted deposits adhering to the inside of the re- 
action chamber 2 and eventually convert them into a 

10 gas. The gas is evacuated from the reaction chamber 2 
through the aperture 20 by an evacuation pump (not 
shown). The temperature of the ceramic heater 3 during 
the cleaning steps is kept below 500**C. 
[0052] Upon completion ofthe cleaning of the reaction 

15 chamber 2, the supply of radiofrequency energy to the 
showerhead 4 is stopped and the supply of C3F8 gas to 
the reaction chamber 2 is stopped . The inside of the 
reaction chamber 2 is purged by oxygen gas. By stop- 
ping the supply of oxygen gas and instead supplying ni- 

20 trogen gas, the reaction chamber 2 may be purged. 
[0053] A subsequent heating step raises the temper- 
ature of the, heater 3 to the film formation temperature. 
Nitrogen gas is supplied to the reaction chamber 2 
through the showerhead 4 at a rate of 2 liters per minute 

25 (2slm), which holds the pressure of the reaction. cham- 
ber 2 in a range of 0.5-9 Torr and raises the temperature 
of the heater 3 at a rate not exceeding 20*C per minute. 
Gas supplied to the reaction chamber 2 is not limited to 
nitrogen gas; any gas is usable as long as it does not 

30 damage parts including the heater 3 in the reaction 
chamber 2. The flow of gas including nitrogen gas is not 
limited to 2 liters per nriinute (2slm); any flow may be 
acceptable which can keep the pressure ofthe reaction 
chamber 2. ' ' 

35 [0054] In addition, the rate of the increase in temper- 
ature. of the heater 3 is not limited to under 20**C per 
minute; the temperature of the heater 3 can be raised 
at a rate which does not damage the heater 3. When the 
temperature of the heater 3 has reached the filrh-form- 

40 ing temperature, the heating step is complete. Gomple- 
tion of the heating step completes the automatic clean- 
ing sequence. The next workpiece is brought in, and the 
thin-film forming process is conducted. 
[0055] In the cooling and heating ^teps for changing 

45 the temperature of the heater 3, the rate bf change is 
not limited to under 20^*0 per minute. As long as the 
heaters is not damaged by the tempermure change, the 
faster the temperature change,.the shorter the automat- 
ic cleaning sequence, which enhances productivity of 

50 the thin-film fonning apparatus. 

■ EXAMPLE 2 - ' . ' ' r " ' 

Structures bf Apparatus (Remote Plasinia Gleaninig) 

55 ' ■ ■ . ' ' ' ' 

[0056] fig! 2 illustrates an example of- a thin film- 
forming and processing apparatus 30 having a remote 
plasma discharge chamber, and is the same as a thin 
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film-forming and processing apparatus of FIG. 1 except 
for the structure by which unwanted deposits adhering 
to the Inside of the reaction chambers are automatically 
removed. 

[0057] In the upper portion of the reaction chamber 2 
are provided a duel 5, and a valve 6 which supply reac- 
tion gas to the reaction charnber 2 for thin filrri -forming 
arid processing. The reaction gas is. uniformly supplied 
onto the surface of a wprkpiece 9 through a shpwerhead 
4 having thousands of fine, holes vyith a diameter of less 
than 1 mnn:Via a duct 14 ,apd an opening 32 of the reac- 
tion chamber 2. When conducting thin fitm-forming and . 
processing of the workpiece 9, a valve. 15 is closed 
which valve Is prpvided on th^.duct 14 connecting a re- 
mote plasma discharge chamber 16 to. the reaction 
chamber 2. . ; , .; 

Remote Plasma Cleaning Sequence 

[0058] After, at Jeast.one. of .the jthin flimrforming and 
processing steps, to the. workpiece 9 in .the reaction 
chamber 2 is complete, an automatic cleaning se- 
quence is done which cleans unwanted deposits depos- 
ited on the inside of the reaction chamber 2. The auto- 
matic cleaning sequence is, as mentioned before, com- 
prised of three steps of: cooling, cleaning and heating 
up. The cooling step supplies nitrogen gas at 2 liters per 
minute to the reaction chamber 2 from the duct 5 via the 
valve 6, junction 31, duct 14, opening 32 and shovyer- 
head 4, and lowers the temperature of the heater S-at a 
rate not exceeding 20^*0 per minute, keeping the pres- 
sure of the reaction chambier 2 within a range of 0.5-9 

[0059] Subsequently performed is the cleaning step 
which rehnoves the unwanted deposits deposited on the 
inslde'of the reaction chamber 2. The step is done in the 
fblloWihgSvay. The supply df riltrbgen gas; whibh is com- 
plete during the' coolinigdbWn step, is suspended, and 
aftdr the Tbaci:ibn chaniber'is evacuated; argon gas is 
injected from the duct 22 into the'rembte plasma dis- 
charge chamber i 6 af ;a f low of 3 - liters per minute (3 
slfri). At that time, with the vaH/'ef l B- open and the valve 
6 closed, argon g^s brbujght in'frorn the duct 22 is coh^ 
vbyed to the' reaction chamber 2 through the remote 
piasnna discharge chamber' 1^ ' - ■ = ^ ' . 
[0060] Holding the pressure of the.ieaction chariribiBr 
2 in arrange of 0.05-8 Torr, radiofrequency discharge of 
400kHz is generated in the remote plasma discharge 
chamber 16; The tibwbf argon is gradually changed to 
2 liters per minute^ and NF3 gas is injected from the duct 
22, Which is gi^iadualiy raised from ' zero to 1 slm^ by a 
mass %'w' controller (riot :*s^^^ 

the remote piasma"';discharge chainber l 6 'is changed 
siinply by gri^dually inbreaslng^^ iartiourit' of Nl^^ The 
gas (ble'ahln'g gas)' s 

charge chaVhber 1 6 ih^ Stable staitb' corisis^^ 
of argori per minute arid'f I 

dibf reque hcy^dlsch4rg^ the rerinote 
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plasma discharge chamber 16 produces a fluorine ac- 
tive species. The cleaning gas including the fluorine ac- 
tive species is Injected to the shpwerhead 4 from the 
upper.bpening 32 of the reaction chamber 2 thrpugli the 
valve 15 and duct 14.; The,.cjeanJng gas.yvhich is Intro-, 
duced inlo the reaction chamber 2 through thousands 
of small holes provided on the shower head 4, trans- 
forms into gas the unwanted deposits deposited on the. 
inside. of the reaction. chamber. 2 and evaquates them 
from the reaction chamber 2. During the cleaning step, 
the temperature of the heater 3 should be held at least 
beloW:500*»C..; _ ' . 

[0061] The flow.rate of the.cieaning ga^ injected jnto. 
the remote plasma .discharge chamber 16 during the 
cleaning step is not limited to the previously described 
flow rate, and (Tiay .be selected |rom the range of , 100 
seem to 5 Sim regarding NF3 and frpm the.raoge of .100 
sccnri to 5 stm regarding argon. As cleaning gas,, instead ; 
of argon gas, rare, gas Siucf;) as hQliunn nnay .be used.; In- . 
stead of NF3, CF gas-such as^ajBg rnaybe used. At that: 
time, in addltion.to, or instead of, argon gas, oxyg^ 
can be mixed. . 

[0062] During the cleaning step, the temperature of 
the heater is kept below 500**C, preferably below 470^*0, 
and more preferably below 450*'C. Power frequency 
supplied to the remote plasma discharge chamber 1 5 is 
not limited to 400 kHz, .and may be selected from 
300-500 kHz. The value of the power must be one by 
which a predetermined fluorine active species can be 
obtained. In the embodiment of the invention, power of 
2,000-5,000 W at 400 kHz is used to generate radiofre- 
quency discharge plashria' in the remote plasma dis- 
charge chamber 16.' ^ = ■ 
[0063] After the unwanted deposits adhering to the in^ 
iside of the reaction chamber 2 are cdmpieteiy reWibveid 
from the inside of the reaction chamber 2 by the cleanih g 
gas with the fluorine activb species, the 'supipiy of NF3 
gas injected frdhn thb duct 22 is Buspended and the r'a- 
dibfrequencydiscHar^e in the remote plasrha discharge 
chamber 16 is- stopped. Even after the' suspbnsibh -of 
the supply of NF3 gas and the radiofreqUen'cy -dis- . 
charge, argon= gas is furnished ta the rbactsoh charnber 
2 Irbm .the duct 22 via the remote plasma discharge 
chamber 1 6; which purges! the bleanin^- gas- W f Id- 
brine active spebiesreiriaihihg in theTeactiorichamber 
2. The heating steb bedini/ which- c 
in the. reaction -chamber^^' by argbh' gas and *.ra;ises' the 
tenhperature bf^the heater .3 to the fi I m-fbrmihg temper- 
ature .The heat-up' step Is .executed the sanri'e/Way a^ 
theaforementioned'cooting-step.ex^^ the 
ternperature brtrte Iieater3 at a:^peed of less than '2d'^C 
perminuteJ Wtiertth^bterKp 

eis' thb temp'erature (the film-forming tem.perature) at 
A^vhich thin, f ilrrt-formihc| and processing bf thb workpiece 
9 is 'cbnductedVthb-Heatirig stbp fs'cbmpleteV- - • ' 
[0064] = Whiib cbbiing aWd heating are being cbndiict- 
ed;- intrbductibn'of' nitrogen ^gas; into tBe' reactibh' bharri- 
ber 2 = may ;a1sb' perfbrrrieeiM^ . the'f bliowing a^ 
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way. A predetermined flow of nitrogen gas is furnished 
to the duct 22 arid injected to th6 reaction chamber 2 via 
the remote plasma discharge chanriber 1 6, valve 1 5, and 
duct 14; At'this titri^, the valve 6 is closed and plasma 
discharge in the remote plasma discharge chamber 16 
is not performed. .Via the remote plasma discharge 
chamber 16 from the duct 22 /injection of argon gas Into 
the reactidn charhber.2i arid the cpoling and heating 
ste;ps can also be executed. 

Cleaning Results 

[0065] Embodiments in accordance with the invention 
will be explained. The result when a siiicon nitride film 
was formed on the semiconductor at the filnh-forrining 
temperature 6dO'*C will be described below. The appa- 
ratus used was the thin filni-formirig and processing ap- 
paratus 30 in FIG. 2. The first semiconductor substrate 
9, the workpiecb, comprising aluniiriunri nitride sub- 
strate, was pleice'd on the cerariiib hieatier 3^ The ceramic 
heater 3 was held at SOb^C because of the rissistance 
heater 26 embedded, which heated thei first seriiicori- 
ductor substrate 9 supported on the ceramic heater 3 to 
550'*C from approximately. 540*'C. SiH4 gas and nitro- 
gen were mixed and introduced from the duct 5. The 
mixed gas was uniformly distributed, by the showerhead 
4, on the surface of the first semiconductor substrate 9 
placed on the heater 3 in the reaction chamber 2. 
[0066] 400 W radiofrequency energy of 1 3.56 MHz 
were applied to the showerhead 4, and a plasma region 
was formed between the showerhead 4 and the heater 
supporting the first semiconductor substrate 9. A silicon 
nitride film of 1 00 nm was then formed on the surt^ace of 
the first semiconductor substrate 9; After opening the 
gate 18 and remoying the first semiconductor substiFate 
9, on which a silicon nitride film Was formed, thi-ough th^ 
aperture 19 of the reaction chamber 2, a second semi- 
conductor substrate 9 was introduced into the reaction 
chamber 2 by the sarhe route as above and was placed 
Oh the heater 3 to form a silicon nitride film. 
[0067] As with the previous film-fomiation and 
processing of the silicon nitride film, the silicon nitride 
film is fomned on the second semiconductor substrate 
■ 9. In this way, the film-formation and processing of the 
silicon nitride film -Was consecutively jDerfprmed on 25 
substrates: After the 25th sUlistrate that had cohrtpleted 
the film-foritiatibn and processing was removed from 
the reaction channber 2; the automatic cleaning se- 
quence was executed that cleans the unwanted depos- 
its adhering to the inside of the reaction -chamber 2. 
[0068] ' In the coblihg st^p, the temperiafure of' the 
heater 3 was lowered' to .iyo'Gv Argon ga^ was fur- 
nished to the remote plasnda dischargie chamber 16 at 
3 slm frohn the duct 22 to set the pressures in the reaction 
chamber 2 at 1 -1 .5 torr by opening the valve 15; After 
a radiofrequency discharge at 400 kHz was generated 
* in the remote plasma discharge chariiber 1 6, the flow of 
argon wai^ "griadually deduced to '2 sTrh 



increasing amount of NF3 gas was injected, from the duct 
22 till it reached 1 slm. When NF3 gas introduped frorn 
the duct 22 reached the remote plasma discharge 
chamber 16,, a fluorine active species was ^erierated. 

5 The fluorine, active species generated in tfie rerpote 
plasma discharge chamber i6 was, with olher gas,- in- 
troduced into the reaction chamber 2' from the shower; ^ 
head 4 via the valve 15, duct 14 and aiperture 32.;The / 
unwanted deposits adhering to the iriside'pf .the reabtion > 

10 charfiber 2 were cleaned by the fluorine active species. 
[0069] The;cieani.ng step by the fluoride a^^^^^ 
cies corresponded to the aforementioned cieahihg step 
and it lasted approximately 70 seconds. After the clean- 
ing of the reaction chanriber 2 was complete, radiofre- 

15 quency discharge in the remote plasma discharge 
chamber 16 and the supply of NF3 were both suspend- 
ed. The supply of argon gas .from the duct 22 was th^n 
stopped, the valve 15 was closed, and nitrogen gas was 
provided from the duct 5. Upon, this step, the heating 

20 step was conducted, raising the temperature up to 

eoQ'^c. ' \' . . _ J 

[0070] Conducting the siiicon nitride filnn formation 
and processing in sets of 25 consecutive semiconductor 
substrates and then conducting the automatic cleaning 
25 sequence once, the silicon nitride film formation and 
processing of 2,000 semiconductor substrates was con- 
ducted. 

[0071] FIG. 3 illustrates the measurement results of 
the thickness of formed silicon nitride films (rep'roduci- 

30 bility of film thickness). Dispersion of the thickhess of 
grown silicon nitride films (reproducibility of film thick- . 
ness) is ±2.1 % (1(7=0.92 %), Which is 'a good result: ■: 
[0072] FIG. 4 illustrates the distribution lines* of the 
thickness of formed silicon nitride' films on one's eiti icon - 

35 ductorsubstrate 9 (uniformity of film thickhe^s).,The dis- 
tribution lines of the thickness are ±2.0 % oh theiyferage 
for the 2,000 consecutively fonried films, Vvhich are good 

and stable; • / ' ' 
[0073] FIG/ 5 illustrates the (^eiasurement result of 
40 particles oh the SLirface of semiconductorsubstratesaf^ 
ter the formation of silicon. nitride films. The" -highest de- 
tected number of particles is 9 and the average value 
per semiconductor' substrate is 3.3; which' shows -that 
the surface of semicondLicfor substrates is very clean. 

Other Aspects and Effects ' ; ^ r : ; : i j : 

[0d7fl] The present inyentibn is directed to an auto- 
matic cleaning itiethod and apparatus therefor that can 

50 clean the unwanted depositis:adhering to thb inside.of a 
semicbnductorsubstrate: process apparatus; and is riot 
limited to a filni-formihg method which forrins .films .on 
senriiconductor substrates. According to the ' plasma 
CVD methbd;^^ri explanationls'madebased on thefbr- 

55 rnation of silicon riitride" films/ Hdw'ever,-th6lhventlon 
not restricted to the fomnatlon of sificon nitride films, arid 
may be used for the fbttnatio'h of indrgahie^ilms^of SiO, 
SidN and SiOF, organic films of fluorination hydrocar- 
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bon polymer, and CVD films; methylsilane, tetrametyl- 
silane, SiO, or SiC films. 

[0075] Moreover, it is clear that an automatic cleaning 
method in accordance with the invention may be applied 
to a thermal CVD method which forms a high permitivity 
film such as a W type metallic Ihin film or Ta205, and 
may effectively be used to clean the inside of the thin 
film-forming and processing apparatus. 
[0O76] When cleaning unwanted deposits adhering to 
the inside of the reaction chamber, since the surface 
temperature of the heatersupporting the semiconductor 
substrate is, in an embodiment, lowered below 500**C, 
the adherence of aluminum fluoride to the shower head 
surface can be prevented. Since there is no adherence 
of aluminum fluoride to the showerhead surface, thin- 
film fomning and processing of the semiconductor sub- 
strate can be performed with constant quality of the films 
formed. 

[0077] Since aluminum fluoride is not accreted to the 
shower head surface in an embodiment, particles are 
not generated from the accreted aluminum fluoride, and 
the semiconductor substrate can be free of contami- 
nants. Since the unwanted deposits adhering to the in- 
side of the reaction chamber can be removed by auto- 
matic cleaning sequence, no particle contamination 
may be generated on the semiconductor. In addition, 
since aluminum fluoride is not generated, in-operation 
time of the cleaning apparatus can be reduced, which 
can provide a thin-film fonnation apparatus with high 
productivity. 

[0078] It will be understood by those of skill in the art 
that numerous and various modifications can be made 
without departing from the spirit of the present invention. 
Therefore, it should be clearly understood that the forms 
of the present invention are illustrative only and are not 
intended to limit the scope of the present invention. 

Claims 

1. A thin -filnri forming apparatus comprising: 

a reaction chamber for fomiing a thin film on a 
workpiece placed on a susceptor provided in 
the reaction chamber, said susceptor being 
provided with a heater for heating the work- 
piece, said reaction chamber being provided 
with a conveyer for loading and unloading the 
workpiece into and from the reaction chamber; 
and" ' ■ ■ ' "' 

a cleaning device for cleaning unwanted de- 
posits adhering to the inside of the reaction 
chamber at predeternrijned ' intervals, said 
cleaning device comprising: 

(i) a cleaning gas controller for introducing 
a cleaning gas into the reaction chamber 
and evacuating the reaction chahriber aft^^ 



the cleaning treatment; 
(ii) a cleaning gas activator for activating 
the cleaning gas in radical form; and 
(ill) atemperature and timing controllierpro- ■ 
5 grammed to reduce the temperature of the 

susceptor at a predetermined rate Jpr 
cleaning after completion of film formation" * 
and then to actuate the cleaning gas con-^ 
trolier and the cleaning gas activator. 

10 

2. The apparatus according to Claim 1, wherein the 
temperature of the susceptor for cleaning is 500<*C 
or less. 

15 3. The apparatus according to Claim 1, wherein the 
temperature of the susceptor of cleaning is 470**C 
or less. 

4. The apparatus according to Claim 1 , wherein the 
20 temperature of the susceptor for film fonnation is 

higher than 500*'C. 

5. The apparatus according to Claim 1 , wherein the 
cleaning gas includes fluorine, and the activated 

25 cleaning gas includes fluorine radicals. 

6. The apparatus according to Claim 1 , wherein the 
cleaning gas activator generates a plasma dis- 
charge region for activating the cleaning gas in the 

30 reaction chamber. 

7. The apparatus according to Claim 1, wherein the 
cleaning gas activator comprises a remote plasma 
discharge chamber for activating the cleaning gas 

35 prior to Introduction of the cleaning gas into the re- 
action chamber, said remote plasma discharge 
chamber being disposed separately from the reac- 
tion chamber. 

40 8. The apparatus according to Claim 1, wherein the 
unwanted deposits include at least one of silicon ni- 
tride, silicon oxide; SiOF, SiCi^SiON, or hydrocjai^- 
bon. ' 

45 9. The apparatus according to Claim 1 . which Is a plas- 
ma CVD apparatus or a thermal CVD apparatus. 

10. The apparatus according to Claim 1, wherein the 
cleaning gas controller introduces the cleaning gas 

50 through a showerhead disposed above the suscep- 
tor in the reaction chamber. ^ 

1 1 . A method for cleaning unwanted deposits adhering 
to the inside of a reaction chamber'forfbntiinga thin 

55 film on a workpiece placed oh a susceptor provided 
in the reaction chahiber, said suisceptor being pro- 
vided with a heater for heating the workpiece, said 
reaction chamber being provided with a cbnveiyer 
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for loading and unloading the workpiece into and 
■ from the reaction' chamber, said nnethod compris- 

■•;;'ing:'' ""' ' ' \ \"" [ 

' reducing the temperature- of the susceptor at a 5 
predetermined rate for cleaning after cornple- 
tion of film fomnation; 

contacting the inside of the reaction chamber 
with an activated cleaning gas; and 
cfeahing the unwanted dieposits by the actiyat- ip 
ed cleariing gas. ' 

12. The method according to Clairh 11, wherein the 
cleaning is conducted at a temperature of the sus- 
ceptor of 600°C or le'ssy^ ^ ■ ^5 

13. The method accord Irig. to Cl^ the 
cleaning is conducted at a temperature of ttie sus- 
Ceptorof 4t6*'C or' I0iss/ ' • ' . ' - 

14. The method accordirig to Clainri 11 wherein the 
' temperature of the susceptor is reduced from a tem- 
perature higher than 500**C Upon completion of the 
film formation. 

25 

15. The rriethod according to Claim 11, wherein the 
cleaning gas includes fluorine, and the. activated 
cleaning gas includes fluorine radicals. 

16. The nnethod according to Claim 11, wherein, the 30 
cleaning gas is activated in a plasma discharge re- 
gion generated in the reaction chamber. 

17. The method according to Claim 11, wherein' the 
cleaning gas is activated in a remote plasma dis- 35 
charge chamber prior to introduction of the cleaning 
gas into the reaction chamber, said remote plasma 
discharge chamber being disposed separately from 

the reaction chamber. 

40 

18. The method according to Claim 11 , wherein the un- 
wanted deposits include at least one of silicon ni- 
tride, silicon oxide, SiOF, SiC. SiON, or hydrocar- 
bon. ^ 

45. 

19. The method according to Claim 11 , wherein the re- 
action chamber is for plasma C VD or thennal C VD. 

20. The method according to Claim 11, wherein the 
cleaning gas lis introduced through a showerhead 50 
disposed above the susceptor in the reaction cham- 
ber. 
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